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Abstract      
A low energy accelerator was constructed in the Faculty of Science of the National Autonomous University of Mexico (UNAM) 
for atomic and molecular experiments in the energy range 1.0 - 10.0 keV. We present a general description as well as results of 
experiments performed by undergraduate and graduate physics students in different stages of the construction. Experiments 
include characterization of the velocity filter, identification of hydrogen ions and TOF spectra. 
 
© 2014 The Authors. Published by Elsevier B.V. 
Selection and peer-review under responsibility of the Organizing Committee of CAARI 2014. 
Keywords: low energy atomic collisions; TOF experiments; ion identification 
1. Introduction 
The Faculty of Science of the National Autonomous University of Mexico offers a nine-semester physics degree 
program. For the Modern Physics laboratory courses, the last two compulsory laboratory courses count with 
equipment for a variety of solid state, atomic and nuclear physics experiments. Among the atomic and molecular 
physics experiments that students perform are the Balmer series, the Frank-Hertz experiment, Xe ionization 
potential and visible spectroscopy.  
 
Over the past ten years we have been working on the design and construction of a low energy accelerator where 
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undergraduate and graduate students will have the opportunity to perform more contemporary atomic physics
experiments. We expect that the students will be able to learn new skills, get insight in research work, collaborate in 
a research article, present results in a congress, complete their bachelor thesis, and much more.
Making this dream come true has been a very interesting challenge. With the funding to projects like UNAM –
BID (Inter-American Development Bank), UNAM-DGAPA PAPIME and PAPIIT and the Physics Department we
were able to finish the construction of a low energy accelerator.
In this work we present the design, construction and operation of a positive ion accelerator that works in the
energy range 1.0 – 10.0 keV. We report on the production of hydrogen ions and TOF (time of flight) spectra of Ar+
ions collisions with air.
Figure 1. Photograph of the accelerator showing the different components.
To our knowledge, this is the only accelerator in Mexico working in the energy range 1-10 keV. It will be used in
teaching as well as in research studies where positive ion beams will collide with gas and solid targets. It is vey
important to increase the participation of students in the near future. Collaborations are being planned with nuclear
physics groups.
2. Experimental Setup
Figure 1 shows a photograph of the main components of the accelerator and Figure 2 shows its schematic. The 
accelerator has three main parts: ion gun, reaction chamber and detection zone. The ion gun is a G1 Collutron
formed by an arc discharge ion source, an Einzel lens to focus the beam and a Wien filter (electromagnet) to select
the mass which will be accelerated. The extraction voltage in the source determines the acceleration energy. At the
exit of the ion gun the beam is deflected 10o by two parallel plates, collimated with a pair of 2 mm circular apertures
and directed to the target gas in the interaction region.
Figure 2. Diagram showing the different parts of the accelerator. (a.u. = arbitrary units)
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The deflection plates, the collimators, the time of flight system and the Faraday cup were constructed in-house. A 
set of parallel plates (time of flight system) surrounds the gas target and a voltage pulse across the plates of 500-
1000 volts of 200-300 ns duration is applied. This system accelerates the ionic target fragments into the time of 
flight region. Ionic fragments are detected using a channeltron multiplier and the TOF spectra are recorded 




Undergraduate and graduate students have participated in a variety of experiments utilizing this accelerator and its 
TOF detector. Some of them are: 
3.1. Wien filter characterization (Figure 3).  
Previous to the construction of the accelerator, the characterization of the Wien filter was done. For this 
experiment, a current im of a few amperes was introduced in the filter and the magnetic field produced was 
measured. 
All of the following experiments reported here were performed producing positive ions. In most of the 
cases a high purity mixture of H2 and Ar2 gases at low pressure was introduced into the ion source. 
3.2. Identification of hydrogen ions (Figure 4). 
Various parameters had to be determined in order to optimize the intensity of the ion beam and then 
identify the different hydrogen ions produced in the ion source. These were the current in the 
electromagnet, the focus voltage in the Einzel lens and the voltage applied to the 10o deflector. A study of 
different proportions of H2 and Ar2 gases injected in the ion source was also done. 
3.3. Determination of the single collision region (Figure 5). 
Future collision experiments require working with a target pressure low enough to insure single collision 
conditions. The ion current of the beam was measured as a function of the target pressure. 
3.4. TOF spectra (Figure 6). 
The accelerator is now fully operational. Some tests were done with Ar+ ions at different energies 
colliding with air molecules. The target ionic fragments were sent to a TOF system and recorded for their 
analysis.  
4. Results and Discussion 
The results of the different experiments mentioned above are shown in Figures 3, 4, 5 and 6. 
 
The students’ interest in the accelerator and the experiments increases with time. Over the past years we have had 
five high school students participating in the different experiments spending a one-month research stay at the lab, 
eleven participations in both national and international congresses, three bachelor theses and two masters in science 
theses. 
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                           Figure 3. Characterization of the Wien filter.   Figure 4. Ion current as a function of the electromagnet current. 
 
 
      
Figure 5. Ion current as a function of the target pressure.               Figure 6. Target fragments of the collision of 5 keV Ar+ ions with  
     air molecules. (a.u. = arbitrary units) 
 
 
The Faculty of Science participates in an “open doors” event where middle school and high school students visit 
the faculty. A visit to the accelerator and a talk are offered on this day to help motivate the students into the 
scientific world. 
 
Our expectations are big. We hope to have more undergraduate students interested in experimental atomic and 
molecular physics each year. Research is the next step we are going to provide.  
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